Escherichia coli (E. coli) is a common cause of nosocomial sepsis. There are multiple factors related to the severity of sepsis among these are the presence of virulence genes and the pattern of antibiotics resistance. The aim of the present study was to determine the prevalence of virulence pap gene encoding for pili, hlyA gene encoding for á-hemolysin and cnf1 gene encoding for cytotoxic necrotizing factor 1 among E.coli isolated from children with nosocomial sepsis. Also, to correlate the presence of ESBL and carbapenem resistance with the presence of these genes. The study is a retrospective cross-sectional study included 150 non-duplicate strains of E.coli isolated from blood cultures from children with nosocomial sepsis. The isolated E.coli strains were subjected to antibiotics study by disc diffusion method, detection of extended spectrum lactamase production by double discs diffusion method and determination of resistance to carbapenem by combined tests methods. The detection of virulence genes pap, hylAand cnf-1 were determined by multiplex polymerase chain reaction (PCR). E.coli isolates were classified as ESBL phenotype in 56% of the isolates and carbapenemase producing phenotype in 34.7%. Pap gene, hylA and cnf-1 genes were detected in 30%, 23.3% and 22.7% of the isolated E.coli. The clinic-laboratory study of the virulence genes of E.coli revealed the significant association of pap, hylA and cnf-1genes with prolonged duration of the use of the medical devices (4.3± 2.9 days-P=0.01, 4.5± 2.9 days, P=0.02, 5.2± 3.4 days, P=0.0001 respectively).HylA gene was associated with younger age of the patients (28.4± 4.5, P=0.01). Pap gene was significantly associated with ESBLs and carbapenemase phenotypes (P=0.0001, P=0.002 respectively). On the other hand,cnf-1 was significantly associated with E. coli isolated from primary sepsis (P=0.02) and in isolates from sepsis due to medical devices (P=0.02) and was significantly associated with death (P=0.01) and carbapenemase resistance (P=0.01). The present study highlights the prevalence of pap, hylA and cnf-1 virulence genes among E. coli associated with nosocomial sepsis in children. The frequency of some of these genes was correlated with extended spectrum lactamase resistance and carbapenemase resistance. This may be attributed to the presence of the virulence and antibiotics genes on transferable plasmids. Moreover, there was association with cnf-1 virulence gene and mortality outcome of sepsis. Further studies are recommended to evaluate these findings.
Sepsis is a serious infection affecting children admitted to intensive care units. There are various pathogens associated with this infection either gram negative bacilli, gram positive cocci and fungal pathogens. Escherichia coli(E. coli) represents a major etiology of sepsis 1, 2 . Sepsis due to E. coli can result as a complication of infections of urinary tract or gastrointestinal tract. It may also arise as a primary blood stream infection without an obvious source 3 . Various factors are correlated with the severity of E. coli associated with sepsis. Among these factors are resistance pattern to antibiotics that has emerged among E. coli. The isolated E. coli from sepsis has been shown to produce Extended spectrum â-lactamases (ESBLs) 4, 5 . Another threat of antibiotics resistance among clinical isolates of E. coli is the resistance to carbapenem antibiotics namely to meropenem and/or imipenem 6 . The risks factors for acquiring nosocomial sepsis due to ESBLs strains of E. coli and carbapenem resistant strains include the duration of intensive care units stay, age of the patients, presence of co morbidities and associated devices 4, 7 . Other factor that determines the severity of sepsis due to E. coli is the presence of the virulence genes. Virulence genes of E. coli act through several mechanisms. First mechanism is associated with invasion of blood stream controlled by genes that encode for amyloid curli and gene of siderophores that support survival outside gastrointestinal tract 8 . Second mechanism is by facilitating the attachment of E. coli to cells by the means of fimbria factors P and S and causingdamage to these cells by hemolysin and cytotoxin necrotizing factors 9, 10 . Third mechanism is associated with the presence of capsular K1 that inhibits phagocytosis and complement mediated-killing 11, 12 . The fourth mechanism is by the production of bacteriocins by certain E. coli strains 13 . The aim of the present study was to determine the prevalence of virulence pap gene encoding for pili,hlyA gene encoding for á-hemolysin and cnf1 gene encoding for cytotoxic necrotizing factor 1 among E. coli isolated from children with nosocomial sepsis. Also, to correlate the presence of ESBLs and carbapenem resistance with the presence of these genes.
Material and Method
The study is retrospective cross-sectional study included 150 non-duplicate strains of E. coli isolated from blood cultures from children with nosocomial sepsis admitted to ICUs in Mansoura University Children hospital, Egypt from January 2016 till January 2018. The study was approved by Mansoura Faculty of Medicine ethical committee and approval consent was obtained from the parents of each child.
The clinical data of each participating child was obtained as regard age, sex, the presence of comorbidities conditions, underlying medical conditions, the presence of central venous line, urinary catheter and other devices and the outcome of infection after 30 days was recorded either death or discharge. The bacteremia was defined as secondary if the cause of sepsis was identified according to clinical and/or laboratory evidence of infection and primary if there was no evidence of the infection Positive blood culture from defined nosocomial sepsis which is defined as the infection that occurred after 48hours from hospital admission according to CDC definitions was processed according to the standard microbiological methods. Blood culture was obtained under complete sterile conditions and inoculated to blood culture bottles Bact/alert system. Positive blood culture was processed by subculture on blood agar plates and incubated at 37°C for 24 hours. The culture was identified by gram stain followed by biochemical identification by the use of automated microbiology system Microscan (WalkAway 40 plus System-B1018-283-Beckman Coulter, Inc). Antimicrobial susceptibility testing was performed by the use of the Kirby-Bauer disc diffusion method. Production of ESBLs was confirmed using the double-disk synergy test in accordance with the Clinical and Laboratory Standards Institute standards 14 . Carbapenem producing E. coli strains were defined as resistant strains to imipenem and/ or meropenem discs and confirmed by combined discs diffusion method by the use of EDTA and boronic acid.
antibiotics discs diffusion
The used antibiotics discs were ceftazidime (30 µg), cefotaxime (30 µg), cefepime (30 µg), imipenem (10 µg), meropenem (10 µg), gentamicin (10 µg), amikacin (30 µg), ciprofloxacin (5 µg), levofloxacin (5 µg), sulfamethoxazole/ trimethoprim(1.25/23.75 µg), and piperacillin/ tazobactam (100 µg/10 µg) (Oxoid--Thermo Fisher Scientific-USA 02451). The interpretation of the results was done according to the Clinical and Laboratory Standards Institute (CLSI) guidelines 14 .
double discs diffusion Method (ddt) for eSBls
Resistant strains of E. coli for ceftazidime and cefotaxime antibiotics discs were used for confirmatory phenotypic tests for EDBLs production by DDT. The test depends upon increase the inhibition diameter zone around each disc when antibiotics were conjugated with clavulanic acid a known inhibitory for extended spectrum â-lactamase enzyme by <5 mm. The test was performed as previously described 14 . determination of carbapenemases production by combined disk test (Cdt) and boronic acid discs E. coli strains with resistance to imipenem and/or to meropenem were subjected to determination of carbapenemases by CDT and boronic acid discs amino phenylboronic acid (APBA). The positive CDT detects the possible production of metallo-â-lactamase (MBL) and the positive boronic acid disc detects the possible presence of class A carbapenemase (14) . The increaseof the inhibitory zone around carbapenem discs by <5 mm when combined â-lactamase inhibitor (APBA or EDTA) was considered to be a positive result 16 .
Quality Control
E. coli ATCC 25922 was used as a susceptible strain for antibiotics susceptibility tests. ESBL-positive Klebsiellapneumoniae ATCC 700603 and ESBL-negative E. coliATCC 25922 control strains were used in this study. For carbapenemase detection, E. coli ATCC 25922 strain was used as a negative control. Molecular Study of E. coli extraction of E. coli dna E. coli was subculture on nutrient agar at 37°C for 24 hours. The colonies were obtained and suspended in Tris-EDTA buffer (10 mMTris-HCI and 1 mM EDTA) and subjected to centrifugation at 2000 g for 10 min. The supernatant was removed and the pellet was incubated with proteinase K and Tris-EDTA buffer for 18 hours at 55° C in water bath. Then, the DNA was extracted by phenol and chloroform extraction method and suspended in Tris-EDTA buffer and kept frozen at -20°C for polymerase chain reaction (PCR)
15
.
PCR for Identification of E. coli
The isolates were confirmed as E. coli by detection of gene ofEnterobacteriaceae common antigen (ECA) specific for E. coli. PCR method. The used specific primers for E. coli were listed in table 1 15 . The amplification was performed by the use of Qiagen amplification mixture with total volume 50lµ (Qiagen-Germany). The amplification procedures were initial denaturation at 95° C for 7 min; followed by 35 cycles of denaturation at 95° C for 1.5 min, annealing at 65° C for1.5 min and extension at 72° C for 1.5 min and a final extension for 7 min at 72° C. Ten microliters of the reaction mixture was analyzed on 1.5% agarose gel by electrophoresis. The bands were visualized by ethidium bromide staining under UV.
Multiplex PCr for detection of Virulence Genes
The multiplex PCR was performed by the use of ready to use Qiagen amplification mixture with total volume 50 µl. The sequences of the used primers were summarized in table 1. The amplification procedures were initial denaturation at 94° C for 3 min, followed by 30 cycles of denaturation at 94° C for 1 min, annealing at 63° C for 30 s and extension at 72° C for 3 minutes and the final extension for 7 minutes at 72° C.
A volume of 10 ml of the reaction mixture was analyzed on 2% agarose gel by electrophoresis. Bands were visualized under UV after ethidium bromide staining 15 .
Statistical analysis
Data were analyzed by the use of statistical package for social science (SPSS) version 24. The quantitative data were presented as mean, standard deviations and ranges. The qualitative data were presented as percentage and compared by the use of chi-square. The comparison between the studied groups were done by using One Way Analysis of Variance (ANOVA). P was considered significant if d"0.05. Multiple logistic regression was performed by the use of binary model.
reSultS
The study included non-replicated isolates of E. coli. The isolates were from children with nosocomial sepsis with median age 6.7 months and they were mainly males 53.3%. The sepsis was primary sepsis in 83.3% of the patients associated with devices central venous catheter, urinary catheter and ventilator (64%). The mortality among these series of patients was 31.3%. E. coli isolates had ESBLs phenotype in 56% of the isolates and Multiple logistic regressionanalysis of possible risk factors associated with death reveals significant association with younger age and the presence of cnf-1 as significant risk factors (P=0.012, P=0.004 respectively), table 4 The isolated E. coli had high prevalence of resistance toward ceftazidime, meropenem and imipenem (73.2%, 58.7%, 53.3% respectively) with lower prevalence of resistance to cefepime, amikacin and ciprofloxacin (17.3%, 13.3%, 20% respectively), figure 1 . diSCuSSion E. coli has different strains that can act as a commensal in gastrointestinal tract, diarrheagenic bacteria or an extraintestinal tract pathogen. It is a common cause of nosocomial infections with presence of several virulence genes that are not present in the commensal strains 16 . Beside virulence factors associated with pathogenic E. coli, antibiotics resistance seems to play a vital role in its association with severe infections such nosocomial sepsis.
In the present report the prevalence of the virulence genes pap, cnf-1 and hylAwere studied in correlation with antibiotics resistance and outcome of nosocomial sepsis in children. 19 witha suggestionthat there is a link between fatal outcome and the presence of this gene. This link may be attributed to the fact that cnf-1 codes for cytotoxic necrotizing factor 1 that affects the host cellular immune functions leading to inhibition of phagocytosis and chemotactic activities of neutrophils 20, 21 . The mortality rates in the present series of patients was 31.1% which is an expected rate as the sepsis was mainly primary sepsis in 83.3% of the patients associated with the use of medical devices in 64%. The mortality rates in previous reports range from 5% up to 30% in sepsis due to non-urinary E. coli sepsis 19, 22 . The frequency of pap gene was 30% with non-significant correlation with mortality outcome. Previous data supported the present finding with pap gene the most frequent gene associated with E. coli as it encodes for the P fimbriae that mediates an important function of bacterial adherence to host cells 23 . However, its relation to outcome of sepsis had significant variance in the studies, as one study reported an association to fatal outcome 18 while other study claimed a protective role for this gene from fatal outcome due to the immunogenicity of the P fimbriae leading to early and strong immune response that controls the sepsis 24 . The frequency of hyla gene was 23.3%. Hemolysin (hly) is produced by various pathogenic types of E. coli causing extraintestinal and intestinal infections, but its effect on virulence is not completely clarified 25, 26 . HlyA gen region was related with complicated urinary tract infections such as pyelonephritis and cystitis 27, 28 . The frequency of detections of pap,hylA and cnf-1 genes were correlated with the prolonged duration of the use of the medical devices (P=0.01, P=0.02, P=0.0001 respectively). Previous reports confirmed the correlation between device associated infections and virulence genes due to increase capacity of E. coli to form biofilm difficult to treat 16, 29 . From the present study this capacity may be increased by prolonged use of medical devices such as central venous catheter, ventilator and urinary catheter
The pap gene was correlated with ESBLs and carbapenemase resistant phenotypes and cnf-1 was correlated with carbapenemase phenotype. The correlation between virulence genes and antibiotics resistance in E. coli are controversy, while some studies reported this association with ESBLs (30, 31) other study reported no correlation 32 . There are many theories about the association between antibiotics resistance and virulence genes one theory attributed this association due to the presence of both virulence genes and antibiotics resistance genes on the same plasmid while the other theory related this to porin loss 33 , and modifications in the penicillin binding proteins and efflux pumps mechanism 34 . Efflux pumps are responsible for the secretion of the molecules containing virulence factors that is regulated by quorum sensing which has a positive effect on antibiotics resistance and virulence 35, 36 .
The isolated E. coli had high prevalence of resistance toward ceftazidime, meropenem and imipenem with lower prevalence of resistance to cefepime, amikacin and ciprofloxacin.The high frequency of antibiotics resistance among E.coli may be attributed to the improper use of antibiotics with selective pressure leading to the prevalence of resistant strains 37 . This finding warrants the need for strict implantation of antibiotics policy.
The present study highlights the prevalence of pap, hylA and cnf-1 virulence genes among E. coli associated with nosocomial sepsis in children. The frequency of some of these genes was correlated with extended â-spectrum lactamase resistance and carbapenemase resistance. This may be attributed to the presence of the virulence and antibiotics genes on transferable plasmids. Moreover, there was association with cnf-1 virulence gene and mortality outcome of sepsis. Further studies are recommended to evaluate these findings.
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